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1.0 INTRODUCTION

1.1 Purpose and Objective

Hydraulic head data have a number of uses including the determination of aquifer properties, 
monitoring short-term and long-term changes in water levels, and determining the elevation of the 
water table for an unconfined aquifer (or the potentiometric surface for a confined aquifer). 
Hydraulic head data can also be used during the development of groundwater flow models.  For 
example, hydraulic head data are used during groundwater flow model calibration, verification, and 
validation processes for comparison with water levels simulated by the model (IT, 1996).  As a result, 
the purpose of this task was to evaluate depth-to-water data in the model area and provide a 
steady-state hydraulic head data set to assist with groundwater flow model development.  

1.2 General Approach

The general approach for deriving the steady-state hydraulic head data set for the groundwater flow 
model includes the following steps:

• Compile information on the location of wells or test holes in the model area and associated
depth-to-water data; 

• Reduce the compiled data set into a subset of data representative of steady-state 
(i.e., predevelopment) conditions; 

• Determine steady-state mean hydraulic head values for locations with appropriate data and 
evaluate uncertainties associated with the hydraulic head values; 

• Prepare data sets for use in the steady-state groundwater flow model.
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2.0 DATA COMPILATION AND EVALUATION

More than 4,000 depth-to-water measurements were compiled for 811 sites in the model area.  The 
data were assembled from a variety of sources including published reports and studies and from 
databases or spreadsheets maintained by different agencies.  In addition, well construction, site 
attribute information, and lithologic data were also compiled for each site, if available.  This section 
discusses the types of data collected, methods of measurement, sources of data, data set creation, and 
data evaluation.   

2.1 Data Types

The types of data needed for this evaluation included general site information, depth-to-water data, 
well construction data, and lithologic or stratigraphic information.  Site types were defined as a well 
(e.g., monitor, production, etc.) or test hole.  Specific types of data compiled for this study included:

• Site Information
- Site identifier,
- Site location (i.e., Universal Transverse Mercator [UTM] coordinates),
- Location accuracy,
- Land-surface elevation,
- Land-surface accuracy, and
- Type of site (i.e., well or test hole).

• Depth-to-Water Data

- Date and time of measurement,
- Depth-to-water measurement,
- Method of depth-to-water measurement, and
- Measurement method accuracy.

• Well Construction Data

- Date completed,
- Total depth,
- Borehole and casing diameters, and
- Open interval.
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• Lithologic/Stratigraphic Data

- Well lithology, and
- Well stratigraphy.

Measurements of the land-surface elevation and depth to water are the most important pieces of 
information for calculating water-level elevations.  As a result, a brief discussion on the methods of 
measurement for both parameters will be presented in the following section.  

2.2 Methods of Measurement

2.2.1 Land-Surface Elevation

Land-surface elevations (or reference point elevations) for a given site can be obtained using a variety 
of different methods.  These methods include, but are not limited to:

• An altimeter,
• A Global Positioning System (GPS),
• A level or other surveying method, 
• Interpolating elevations from a topographic map, or 
• Using reported elevations from other sources. 

2.2.2 Depth to Water

Depth-to-water measurements can also be measured or estimated by a variety of different means.  The 
most common means of measuring depth to water include:

• Steel tapes,
• Electric tapes,
• Pressure-gages, or
• Airline measurements.

2.3 Data Sources

The main sources of data used in this study include data obtained from previously published reports 
or studies and data obtained electronically (e.g., in databases and/or spreadsheets) from various 
sources.

2.3.1 Previously Published Studies

Many investigators have published interpretations of groundwater levels in the study area, both on a 
regional scale and on smaller basin scales.  This section describes several of the most pertinent studies 
applicable to this study.  
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The Nevada state legislature, in 1960, authorized a special groundwater reconnaissance survey under 
the supervision of the State Department of Conservation and Natural Resources and in cooperation 
with the U.S. Geological Survey (USGS).  This survey produced 57 reports covering all of the valleys 
in Nevada where development opportunities existed, and where limited groundwater information was 
available.  These reports were called “Ground-Water Resources-Reconnaissance Reports” and many 
were written for valleys of interest to this study.  The specific valleys of interest to this study that had 
reports written for them and from which depth-to-water data were obtained include: Spring Valley 
(Rush and Kazmi, 1965), Snake Valley (Hood and Rush, 1965), Steptoe Valley (Eakin et al., 1967), 
Lake Valley (Rush and Eakin, 1963), Cave Valley (Eakin, 1962), and Dry Lake Valley (Eakin, 1963).  

In the late 1970s and early 1980s, hydrogeologic evaluations associated with the MX missile-siting 
investigation were carried out by Ertec Western, Inc., or their subcontractors, for the U.S. Air Force 
(USAF) MX Missile Siting Program.  These evaluations included 40 valleys in the Great Basin 
Region, including basins in east-central Nevada and western Utah.  This program consisted of 
literature searches and field reconnaissance.  Test drilling, aquifer testing, and the development of 
groundwater flow models to help in predicting potential impacts of pumping were conducted in some 
valleys (Bunch and Harrill, 1984).  These studies have been documented in numerous reports 
including those by Ertec Western, Inc. (1981a; 1981b; 1981c; 1981d; 1981e).  The USGS also 
published Open-File Reports 84-702 and 96-469 that dealt with the MX missile siting program 
(Bunch and Harrill, 1984; Tumbusch and Schaefer, 1996).  Many of the basins studied during the MX 
missile siting project are also applicable to this study.  Some of these reports including Bunch and 
Harrill (1984) and Ertec Western, Inc. (1981e) contained well location and depth-to-water data that 
was included in this study.  

The USGS Hydrologic Atlas HA–694-B published by the USGS (Thomas et al., 1986) presents 
interpretations of basin-fill and regional (carbonate aquifer) flows in the Great Basin as part of the 
Regional Aquifer-System Analysis (RASA) program.  Two maps were published, both at a scale of 
1:1,000,000, showing potentiometric contour lines on a base map delineating bedrock and basin-fill. 
Data used to construct the potentiometric contours were similar to sources used in this study to the 
extent that they were available in the mid-1980s.  Some water-level data for wells in the model area 
were obtained from these maps.  

For some basins, data compiled during drilling and geophysical logging of oil exploration wells can 
also be used to augment potentiometric water-level data.  For example, McKay and Kepper (1988) 
present initial shut-in pressures from which calculations of potentiometric head may be made.  This 
type of data was included, when appropriate.  

In the early to mid 1990s, the Las Vegas Valley Water District (LVVWD) published 17 reports as part 
of a “Cooperative Water Project” detailing investigations that were made for hydrographic areas in 
eastern and central Nevada.  These reports were written to support groundwater applications filed in 
those valleys.  The specific valleys of interest to this study that had reports written for them and from 
which depth-to-water data were obtained include: Spring Valley (Brothers et al., 1994), Snake Valley 
(Brothers et al., 1993a), Cave Valley (Brothers et al., 1993b), and Dry Lake Valley (Brothers et al., 
1996).  
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2.3.2 Electronic Data

Electronic data in the form of databases or spreadsheets were obtained from various sources.  The 
following sections discuss the main sources of electronic data and the types of electronic data 
available.  

2.3.2.1 U.S. Geological Survey

The USGS maintains a database of water-resources data for approximately 1.5 million sites across the 
United States, Puerto Rico, and Guam.  The database is known as the National Water Information 
System/Groundwater Site Inventory (NWIS/GWSI).  The database contains surface water, 
groundwater, and water quality data.  The types of data obtained from the NWIS/GWSI database for 
this study included site location and depth-to-water data (USGS, 2005).  The NWIS/GWSI data can 
be obtained from the USGS at the following URL  http://waterdata.usgs.gov/nwis.  

2.3.2.2 Nevada Division of Water Resources

The Nevada Division of Water Resources (NDWR) maintains a database of wells drilled in the State 
of Nevada.  The data is available both online and as a separate Microsoft Access® well log database at 
the following URL http://water.nv.gov/Engineering/wlog/wlog.cfm (NDWR, 2004).  According to 
NDWR, the well log database contains a record of the wells drilled in Nevada since 1984.  For some 
hydrographic areas (HA), however, earlier dated well logs are also present in the database.  For 
example, there are driller’s logs available for Spring Valley and Snake Valley that go back to 1948 
and for Steptoe Valley that go back to 1945.  The actual drillers’ report, or log, for portions of the 
model area were also obtained in paper form from the Las Vegas office of the NDWR and converted 
to electronic documents.  These copies were obtained because they contain lithologic information 
about a borehole that the well log database does not include.  The well log database, however, 
contains site location information, well construction information, and depth-to-water data.  Since the 
beginning of this study, however, most of the NDWR drillers’ logs can now be obtained directly from 
the NDWR website at URL  http://water.nv.gov/Engineering/wlog/wlog.cfm. 

2.3.2.3 Southern Nevada Water Authority

Over the past 15 years, Southern Nevada Water Authority (SNWA) has actively measured depth to 
water in many of the basins in the study area.  Additionally, over the past decade SNWA has 
cooperated with the USGS through joint funding agreements for regional water-level monitoring and 
reporting.  Data collected under these programs have also been incorporated into the NWIS/GWSI 
database.  The SNWA data set contains annual water-level measurements collected by SNWA staff, 
some data compiled from published USGS-NDWR ground-water resources-reconnaissance reports, 
and water-level data reported for the MX missile program reported by Bunch and Harrill (1984). 
Miscellaneous water-level measurements from other published reports were also added to the SNWA 
data set when appropriate.  
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2.3.2.4 Utah Division of Water Rights

The Utah Division of Water Rights (UDWR) also makes available a well drilling database for wells 
drilled in the State of Utah.  This data is only available online and not as a separate downloadable 
database (UDWR, 2005).  The UDWR data can be obtained from the following URL at 
http://nrwrt1.nr.state.ut.us/wellinfo/default.asp.  The types of data available include site location 
information, well construction information, lithology, and depth-to-water data.

The three primary sources of electronic data for this study were (1) the USGS NWIS/GWSI database, 
(2) the NDWR well-log database, and (3) SNWA’s internal database that includes annual water-level 
measurements and measurements compiled from other reports (listed above).  

2.4 Data Set Creation

The process used to compile the water-level data set for this study is summarized in this section and is 
shown diagrammatically in Figure 2-1.  In the simplest sense, this process consisted of integrating site 
location and water-level data from various sources and reconciling the discrepancies between the 
different data sources.  Common issues included: (1) site location uncertainty, (2) inaccurate location 
and elevation control data, and (3) differences between well names from older published reports and 
well names used in subsequent field data collection.  

The majority of site locations and depth-to-water measurements used in this evaluation were obtained 
from the NWIS/GWSI database maintained by the USGS.  Because of its extensive spatial coverage 
and relatively comprehensive data set, the NWIS/GWSI database served as the starting point for this 
evaluation from which data gaps were identified.  The other sources of data were used to supplement 
the NWIS/GWSI database and to fill in missing data, when available.  

The second major source of depth-to-water data to be integrated into the water-level data set was the 
NDWR data.  The NDWR data from the well-log database and the electronic drillers’ logs were
compared to the existing NWIS/GWSI data using ArcGIS® 9 from Environmental Systems Research 
Institute (ESRI).  ArcGIS® 9 was used to plot the locations of wells and test holes from both data 
sources and overlay various types of digital maps, including USGS 1:100,000 scale topographic 
maps, digital elevation models (DEMs), hydrogeologic, geologic, and hill-shade maps.  This 
comparison was performed to identify new locations to be added to the water-level data set, complete 
well records, and verify location and elevation data.  The NDWR data were added to the existing 
NWIS/GWSI data set for areas of interest with sparse data.       

The next major source of depth-to-water data to be integrated into the water-level data set was 
SNWA’s internal data set of site locations and depth-to-water measurements.  This data was also 
compared to the existing data set using ArcGIS® 9.  New wells and depth-to-water data were added to 
the existing data set when identified.  

This general process of integrating water-level data from various sources and reconciling the 
discrepancies between the different data sources was repeated for each additional source of 
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depth-to-water data.  Specifically, each potentially new site location or depth-to-water data was 
compared to the existing data set and added if it was not a duplicate site or depth-to-water 
measurement.  The focus of this effort was directed to areas of interest with sparse data.

Once all of the available data were obtained for the study area, it was organized by hydrographic area 
and site name in a Microsoft Access® 2000 database.  Attachment A provides an explanation of the
hydrographic area designations and sites names used in this report.  The distribution and density of 
compiled sites can be seen in Figure 2-2.    

2.5 Data Evaluation

Every effort was made to exclude duplicate site locations and depth-to-water measurements from the 
data set during the data compilation phase.  Unfortunately, not all duplicate information was excluded 
from the compiled data set.  During the data evaluation phase, duplicate site locations and 
depth-to-water measurements were identified and removed from the compiled data set.

Figure 2-1
Flow Chart for Data Set Creation
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Figure 2-2
Spatial Distribution of Sites in the Model Area
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After the data were compiled, an evaluation of the site locations and depth-to-water data were made 
to check for inconsistencies.  For instance, the reported land-surface elevations for the sites were 
compared to land-surface elevations obtained from a 7.5-minute DEM for those locations to note any 
significant inconsistencies.  For the purpose of this evaluation, a difference of 100 feet (ft) between 
the reported elevation and the DEM elevation was considered a significant inconsistency.  The 
7.5-minute DEM was also used to supply land-surface elevations for sites that did not have reported 
land-surface elevations.  This process revealed numerous sites that were not plotting in the correct 
location or were not consistent with surrounding locations.  As a result, there were numerous 
locations that were either removed from the data set, or corrected, if the available data allowed.

In addition, for wells that appeared to have discrepancies with surrounding data (e.g., inconsistent 
water elevations with nearby sites, geology on the well log not consistent with location, well locations 
not consistent with legal descriptions, etc.), a comparison of the plotting location was made to the 
sites reported section-township-range information.  This process also revealed wells that were not 
correctly located, which were then removed from the data set, or corrected with the data available.
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3.0 WATER-LEVEL DATA REDUCTION

Prior to the analysis of the hydraulic head data, the compiled water-level data set needed to be 
reduced to a data set appropriate for steady-state analysis.  This data reduction consisted of 
determining the perforated or open interval of a well, calculating water-level elevations from the 
depth-to-water data, and identifying unstable water-level measurements not representative of 
steady-state conditions.  

3.1 Perforated or Open Interval Determination

Perforated or open intervals for wells were assigned based on well construction information obtained 
from the data sources listed in Section 2.0.  The term “open interval” refers to any type of opening 
through which water may freely flow from the rock formation into the well or borehole.  Specific 
examples of open intervals include well screens, perforated casing, or an open borehole that is left 
uncased.  The process of defining the perforated or open interval is described below.

Perforated or open intervals were assigned based on the well construction information and the overall 
depth of a well.  The well construction information necessary for determining perforated or open 
intervals are the top and bottom depths of any open intervals, if available, and the total depth of the 
well.  If the top and bottom depths of a well’s open interval are known, the perforated or open interval 
was assigned as those depths.  If that information was not available, it was assumed that the 
perforated or open interval for a well was 50 ft-below ground surface (ft-bgs) to the total depth of the 
well.  The typical sanitary seal depth based on Nevada state requirements is 50 ft-bgs.  If a well’s total 
depth was less than 50 ft-bgs and open interval information was not available, then a perforated or 
open interval was not assigned for that well.  

3.2 Water-Level Elevation Calculation

For each individual depth-to-water measurement, a corresponding water-level elevation was 
necessary.  The water-level elevations were calculated as the land-surface elevation (or reference 
point elevation) minus the depth-to-water measurement, as shown by the following equation:

(3-1)

where,

H = Water-level elevation or hydraulic head value (ft-above mean sea level [ft-amsl]),
LSE = Land-surface elevation (ft-amsl),
DTW = Depth to water (ft).

H LSE DTW–=
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The water-level elevations are necessary to construct hydrographs that can be used for further data 
analysis and to calculate mean steady-state water-level elevations for a given site.  The hydrographs 
are used to examine steady-state versus transient-state trends and to identify abnormal or inconsistent 
depth-to-water measurements that would not be suitable for inclusion into a steady-state hydraulic 
head data set (see Section 3.3).  

3.3 Identification of Unstable Water-Level Measurements

To identify water-level measurements that are unstable and, therefore, not representative of 
predevelopment groundwater flow conditions, a temporal and spatial data analysis was performed for 
each site with four or more water-level measurements.  For wells with less than 4 water-level 
measurements, it was assumed that all the measurements were representative of predevelopment 
groundwater flow conditions.   

The identification of unstable water-level measurements consisted of constructing hydrographs for 
each well with four or more water-level measurements in the model area.  The hydrographs were then 
reviewed to identify measurements that were considered unstable or abnormal.  In general, a stable 
trend is defined as that part of a hydrograph that includes only cyclical variations about a mean value. 
Figure 3-1 shows an example hydrograph where water-level measurements were identified as 
“not-consistent” with the “stable” part of the trend.  The unstable measurements were flagged in the 
compiled data set, and an additional flag was assigned to those measurements, documenting the 
inconsistency.  For example, individual depth-to-water measurements might be flagged as being 
“anomalously low”, “anomalously high”, or as “not part of the stable trend”.  The water-level 
measurements that were flagged as “inconsistent” were then excluded from further steady-state data 
analysis (i.e., mean hydraulic head calculations).  Well where “unstable” measurements could be 
attributed to groundwater pumpage were flagged to indicate transient-state behavior.      
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Figure 3-1
Example Hydrograph Showing “Stable” and “Unstable” Trends

“Unstable” Part of Trend

“Stable” Part of Trend
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4.0 DATA ANALYSIS METHODOLOGY

Analysis of the site location and water-level data for this study consisted of calculating mean 
steady-state hydraulic heads and evaluating the uncertainty associated with the steady-state hydraulic 
heads.  The following sections discuss these analyses in greater detail.  

4.1 Steady-State Hydraulic Head Determination

The method used to estimate the study area’s predevelopment hydraulic heads is discussed in this 
section.  Ideally, only predevelopment data (i.e., data before 1945) would be used to generate 
hydraulic head data for use in the groundwater flow model.  Unfortunately, there is not enough 
predevelopment data to define natural steady-state conditions over the entire study area.  As a result, 
the whole period of record for a given site was used in the data evaluation and reduction process.  In 
general, the method consisted of calculating mean water-level elevations from the water-level 
elevation data not qualified as being inconsistent with the “stable” part of a given hydrograph (see 
Section 3.3).  The uncertainty associated with the calculated mean water-level elevations was then 
evaluated.  

4.1.1 Mean Groundwater Elevations

In order to prepare a water-level data set to calibrate a steady-state numerical groundwater flow 
model, it was necessary to determine each site’s predevelopment hydraulic head value from the 
water-level data set.  The process consisted of first excluding hydraulic head data from the complied 
data set that were not considered representative of steady-state conditions.  Data that were not 
considered representative of steady-state conditions included water-level elevation data qualified as 
“pumping,” “recently pumping,” or “a nearby site is pumping”.  Other data considered abnormal or 
inconsistent with a steady-state trend for a given site were also removed from the steady-state data set 
(see Section 3.3).  Once the process of excluding non-representative data was complete, a steady-state 
mean hydraulic head value for each well was calculated as follows:  

(4-1)

where,

= The mean hydraulic head value representative of steady-state conditions (ft-amsl),
Ht = Hydraulic head value for a given time (t) in ft-amsl, and
n = The number of water-level elevation measurements available over the period of record.

H
Ht∑

n
------------=

H
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For sites with only one water-level elevation, that value was assumed to represent the steady-state 
hydraulic head for that site.  

4.1.2 Uncertainty Analysis

An assessment of the uncertainty associated with the mean hydraulic head value for a given site was 
also made for this study.  This assessment of uncertainty was based on a method described by 
IT Corporation (1996).  The mean hydraulic head value is calculated from the land-surface elevation 
and the depth-to-water measurement.  As a result, the uncertainty associated with a mean water-level 
elevation for a given site results from three main sources of error: the errors associated with (1) the 
location of the site, (2) the measurement error associated with each depth-to-water measurement, and 
(3) the reduction of the temporal water-level measurements to a mean value.

4.1.2.1 Site Location Accuracy

Site location coordinates in this report are reported in meters using the UTM Zone 11 grid system 
using the North American Datum of 1983 (NAD83).  For sites obtained from the USGS database, an 
estimate of the location error is provided based on the method used to determine the location.  For 
example, USGS horizontal location accuracies, where indicated, vary from ± 6,060 to ± 1.01 ft.  For 
sites obtained from other sources, location accuracies were also supplied by the originator of the data 
or estimated based on the assumption that a site’s local description was accurate to the nearest 
quarter-quarter section.  In those cases, it was assumed that the location accuracy was ± 1,320 ft.  If 
no accuracy measurement was available for a site, a default accuracy of ± 6,060 ft was applied to the 
site.  The potential variation in a site’s location results in a vertical error on the hydraulic head 
estimate.  This elevation error was estimated by buffering each site by its coordinate accuracy 
measurement.  The average slope of the land surface within the buffered area was calculated using 
ESRI’s ArcGIS® 9.0.  This average slope was then multiplied by the original coordinate accuracy 
value.  This resulted in a potential land-surface elevation error associated with the coordinate 
accuracy measurement of the location as shown by the following equation.

(4-2)

where,

EErr = Elevation error associated with coordinate accuracy (ft),
Coordaccy = Coordinate accuracy (ft), and
Slope = Average slope of the topography within buffered area (%).

4.1.2.2 Depth-to-Water Accuracy

Depth-to-water measurements in this report are reported in feet below ground surface (ft-bgs).  In 
general, the accuracy of depth-to-water measurements is dependent on the method of measurement. 
For example, depth-to-water measurements taken in relatively shallow wells with steel-tapes or 
calibrated electric-tapes are accurate to the nearest hundredth of a foot (ASTM, 1993).  In general, 

EErr Coordaccy Slope( )=
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the error associated with measuring depth-to-water is, however, relatively small compared to the 
other sources of error.  As a result, the individual depth-to-water measurement accuracies are not 
explicitly quantified in this study, since this error is presumably included within the other sources of 
error.  

4.1.3 Hydraulic Head Variances

In order to quantify the accuracy of the mean hydraulic head values, estimates of the variances 
associated with the hydraulic head values, rather than errors, are used to weigh the hydraulic heads. 
As a result, a brief discussion of the variances is presented in this section.

As mentioned previously, the hydraulic head value is derived from the land-surface elevation and 
depth-to-water measurement, which are independent variables.  As a result, the total variance for a 
mean hydraulic head value may be expressed as the sum of the variances of two independent 
variables as shown below:

(4-3)

where,

σ2
HTotal = Total variance associated with the mean hydraulic head (ft2),

σ2
Eerr = Variance associated with the coordinate location (ft2),

σ2
H = Variance associated with calculating a mean hydraulic head (ft2).

An additional way to express the variance of the mean hydraulic head value obtained from multiple 
water-level elevations is the variance of the sample mean described by the following equation:

(4-4)

where,

σ2
HTotal = Total variance associated with the mean hydraulic head value (ft2),

σ2
Eerr = Variance associated with the coordinate location (ft2),

σ2
H = Variance of the mean head value (ft2), and 

n = Number of water-level measurements used to calculate the mean.

For sites having only one depth-to-water measurement, it is impossible to calculate a variance for the 
mean hydraulic head value.  In those instances, the variance for the mean head value was defined as 
100 ft2.  This variance was chosen because it represents a conservative estimate of the variance on the 
mean hydraulic head value.  A 100 ft2 variance is equivalent to an error of +/- 20 ft, or plus or minus 
two standard deviations, with a 95 percent confidence level.

The variance of the site location accuracy may be estimated assuming that the site location accuracy 
represents the error on the estimate with a 95 percent confidence level and is, therefore, also equal to 

σHTotal

2 σEerr

2 σ
H
2

+=

σHTotal

2 σEerr

2 σ
H
2

n
-------+=
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two standard deviations.   If true, the variance associated with the site location accuracy is estimated 
by the following equation:

(4-5)

where,

σ2
Eerr = Variance associated with the elevation error (ft2), and 

Eerr = The land-surface elevation error associated with the coordinate accuracy measurement.  

σ2
Eerr

Eerr

2
---------⎝ ⎠
⎛ ⎞

2

=
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5.0 STEADY-STATE HYDRAULIC HEAD DATA SET

This section summarizes the steady-state hydraulic head data set and documents the structure of the 
data set compiled for the Clark, Lincoln, and White Pine Counties groundwater flow model.  The 
steady-state hydraulic head data set can be seen in Table B.1-1. 

5.1 Data Set Summary

The mean steady-state hydraulic head was calculated for each well in the model area.  Depth-to-water 
measurements that were qualified as “pumping”, “recently pumping”, or showing non-steady-state 
conditions were excluded from the mean value calculation.  Many well locations (e.g., NDWR and 
other sources) contain only one depth-to-water measurement.  In those cases, the single value is 
reported as the mean value.  The model calibration data set can be seen in its entirety in Table B.1-1.  

The steady-state data set is organized by hydrographic area number and site name.  Locations of wells 
are in UTM Zone 11 using the NAD83 datum.  The altitude of the reference-point elevation is in feet 
above mean sea level (ft-amsl) referenced to the North American Vertical Datum of 1988 (NAVD88). 
For most locations, the reference-point elevation represents the land-surface elevation.  For some 
surveyed locations, the value represents the elevation of the measuring point.

The table contains basic information about a site including the site name, coordinates, land surface 
elevation, hole or well depths, and perforated or open interval.  The table also documents the 
calculated mean steady-state hydraulic head values and uncertainties for a given well.  

The steady-state hydraulic head data set contains the following columns along with their respective 
definitions:

1. Map ID - A unique identifier used to correlate a site found on Plate 1 to a site in Table B.1-1;
2. HA – Hydrographic area; 
3. Site No – A unique identifier for every location.  For sites obtained from the USGS, this 

number is the NWIS site identification number.  For other sites, it is equivalent to the site 
name;

4. Site Name – A local site number based on the format used by the USGS for groundwater sites 
in Nevada and Utah.  This format is based on the township, range, and section of a site (see 
Attachment A);

5. UTM Northing – The northing coordinate for a site in UTM 11S NAD83 (m);
6. UTM Easting – The easting coordinate for a site in UTM 11S NAD83 (m); 
7. Reference Point Elevation  – The elevation of the reference point.  For a majority of the sites 

in the data set, the elevation is the land surface elevation (ft-amsl);
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8. Hole Depth - The drilled depth of the borehole (ft-bgs); 
9. Well Depth - The depth of the completed well (ft-bgs); 
10. Perforated or Open Interval - The depths to the top and bottom of open intervals in the well 

(ft-bgs); 
11. No. of Records Used - The number of water-level elevation measurements used to calculate 

the mean hydraulic head value; 
12. Minimum Elevation - The minimum water-level elevation for the site (ft-amsl); 
13. Maximum Elevation - The maximum water-level elevation for the site (ft-amsl); 
14. Mean Hydraulic Head - The mean water-level elevation for a site (ft-amsl); 
15. Variance Coordinate Location - The variance associated with the coordinate location (ft2);
16. Variance Sample Mean - The variance of the sample mean (ft2);
17. Total Variance - The total variance assigned to the mean water-level elevation (ft2).
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A.1.0 WELL NUMBERING SYSTEM

A.1.1 Introduction

Local numbers are used to describe well locations in this report using a system based on the Public 
Land Survey System that consists of a Township, Range, Section, and subdivisions of a section.  This 
study covers areas in both Nevada and Utah.  Both states, however, have a slightly different means of 
locating wells.  When a site is in Nevada, a Nevada local number was assigned (USGS, 2002), and if 
a site was in Utah, a Utah local number was assigned (USGS, 2003).  An explanation and example of 
both types can be found in the following sections.  

A.1.2 Nevada Local Number

The first part of the Nevada local number is based on the hydrographic area number as defined by 
(Rush, 1968).  This is followed by the Township, Range and Section numbers followed by a sequence 
of up to four letters (A, B, C, D).  In Nevada, all references of Township and Range are related to the 
Mount Diablo base line and meridian.  Townships are described as either north or south of the Mount 
Diablo base line and Ranges are described as east or west of the Mount Diablo meridian.  Every 
Range in Nevada is east of the Mount Diablo meridian.  The section number follows the Township 
and Range.  Lastly, the section number is followed by up to four letters indicating the quarter section, 
quarter-quarter section, quarter-quarter-quarter section, and quarter-quarter-quarter-quarter section. 
The quarters are designated by the letters as follows: A, northeast; B, northwest; C, southwest; and D, 
southeast.

Example: 209  N05 E64 26AACC

A.1.3 Utah Local Number

The first part of the Local Number in Utah is based on the four quadrants that Utah is divided into by 
the intersection of the Salt Lake base line and the Salt Lake meridian. These are labeled by capital 
letters A-D, in a counter clockwise direction starting in the northeast corner of the state.  This is 
followed by the township and range that the site is located in.  The number after the parentheses 
indicates the section and is followed by up to three letters indicating the quarter section, 
quarter-quarter section, and the quarter-quarter-quarter section.  The quarters are designated by the 
letters as follows: A, northeast; B, northwest; C, southwest; and D, southeast.  

Example: (C-28-10)29ADD
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A.2.0 HYDROGRAPHIC AREA BOUNDARIES

The hydrographic area boundaries used in this report are those that were cooperatively agreed upon 
by the USGS and the NDWR for water planning and management purposes in Nevada.  The complete 
listing of Nevada’s 256 Hydrographic Areas and Sub-Areas can be found on the Nevada Division of 
Water Planning’s Water Words Dictionary website (NDWR, 2005).  Some minor differences are 
present in boundaries published by other sources.  

A.3.0 REFERENCES

NDWR, see Nevada Division of Water Resources.

Nevada Division of Water Resources, 2005, Nevada Division of Water Planning’s, Water Words 
Dictionary, Dictionary as accessed at http://water.nv.gov/Water%20planning/dict-1/ 
ww-index.htm during 2005 to 2006.

Rush, E.F., 1968, Index of Hydrographic Areas – Water Resources-Information Series Report 6, 
U.S. Geological Survey in cooperation with the State of Nevada Department of Conservation and 
Natural Resources, 38 p.

USGS, see U.S. Geological Survey.

U.S. Geological Survey, 2002, Water Resources Data Nevada Water Year 2002, U.S. Geological 
Survey Water-Data Report NV-02-1.

U.S. Geological Survey, 2003, Water Resources Data Utah Water Year 2003, U.S. Geological Survey 
Water-Data Report UT-03-1.
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Volume 6 - Steady-State Hydraulic Head Data Set

B-1

B.1.0 INTRODUCTION

This attachment contains the steady-state hydraulic head data set produced for the Clark, Lincoln, and 
White Pine Counties groundwater flow model (Table B.1-1).  There were 811 wells for which mean 
hydraulic head values and total variances were determined.  The location of the wells and the 
calculated mean steady-state hydraulic heads can be seen on Plate 1.  The locations plotted on Plate 1
can reconciled to the data found in Table B.1-1 by the map ID number that is found on both.  Blank 
cells in the table indicate that no data was available for that record.  
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Southern Nevada Water Authority - Water Resources Division

Attachment BB-4
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Volume 6 - Steady-State Hydraulic Head Data Set

Attachment B B-5

10
0

17
9

39
21

12
11

45
50

50
1

17
9 

 N
17

 E
63

 0
7A

D
C

D
1

4,
35

8,
04

6
67

9,
31

4
6,

31
4.

0
20

0
20

0
35

-2
00

1
6,

29
5.

4
6,

29
5.

4
6,

29
5.

4
0.

54
7

10
0

10
0.

55

10
1

17
9

39
21

11
11

44
92

30
1

17
9 

 N
17

 E
63

 0
7C

B
B

 1
4,

35
8,

20
8

68
7,

50
1

6,
13

9.
0

1
6,

10
7.

2
6,

10
7.

2
6,

10
7.

2
7.

94
1

10
0

10
7.

94

10
2

17
9

39
20

29
11

44
94

90
1

17
9 

 N
17

 E
63

 1
3A

C
  1

4,
35

6,
89

8
68

6,
91

0
6,

15
9.

0
20

0
20

0
38

-1
95

6
6,

08
8.

9
6,

09
7.

2
6,

09
3.

3
7.

85
5

2.
66

3
10

.5
2

10
3

17
9

39
19

57
11

45
12

70
1

17
9 

 N
17

 E
63

 1
4C

C
D

D
1

4,
35

5,
85

6
68

4,
58

7
6,

17
9.

0
18

5
18

5
70

-1
80

3
6,

09
9.

0
6,

11
7.

6
6,

10
7.

5
0.

00
0

29
.3

29
29

.3
3

10
4

17
9

39
20

36
11

45
15

90
1

17
9 

 N
17

 E
63

 1
5A

A
C

C
1

4,
35

7,
04

0
68

3,
79

2
6,

16
8.

0
12

1
12

1
60

-1
21

8
6,

09
9.

2
6,

10
7.

1
6,

10
4.

3
6.

17
3E

-0
2

1.
14

1E
+

0
0

1.
20

E
+

00

10
5

17
9

39
20

30
11

45
22

10
1

17
9 

 N
17

 E
63

 1
5B

C
  1

4,
35

6,
84

3
68

3,
27

0
6,

19
4.

0
17

5
17

5
92

-1
75

5
6,

12
5.

1
6,

12
6.

5
6,

12
6.

0
9.

96
2

0.
06

3
10

.0
3

10
6

17
9

39
20

17
11

45
14

70
1

17
9 

 N
17

 E
63

 1
5D

A
  1

4,
35

6,
46

1
68

4,
09

3
6,

17
4.

0
12

0
12

0
50

-1
20

5
6,

11
2.

5
6,

11
4.

4
6,

11
3.

5
20

.1
10

0.
13

7
20

.2
5

10
7

17
9

39
19

49
11

45
25

00
1

17
9 

 N
17

 E
63

 2
1A

A
D

B
1

4,
35

5,
56

2
68

2,
60

5
6,

22
4.

0
17

6
17

6
96

-1
76

1
6,

10
8.

0
6,

10
8.

0
6,

10
8.

0
0.

46
8

10
0

10
0.

47

10
8

17
9

39
19

48
11

45
23

00
1

17
9 

 N
17

 E
63

 2
2B

A
C

B
1

4,
35

5,
54

3
68

3,
08

5
6,

20
4.

0
10

2
10

2
82

-1
02

4
6,

12
5.

9
6,

12
6.

5
6,

12
6.

2
8.

85
1E

-0
1

1.
56

3E
-0

2
9.

01
E

-0
1

10
9

17
9

39
19

50
11

44
95

20
1

17
9 

 N
17

 E
63

 2
4A

   
1

4,
35

5,
05

7
68

7,
31

3
6,

20
4.

1
73

50
-7

3
1

6,
13

5.
1

6,
13

5.
1

6,
13

5.
1

1,
07

2.
84

4
10

0
1,

17
2.

84

11
0

17
9

39
19

22
11

45
02

80
1

17
9 

 N
17

 E
63

 2
4D

   
1

4,
35

4,
48

1
68

6,
44

0
6,

20
1.

6
84

50
-8

4
2

6,
12

1.
2

6,
12

1.
2

6,
12

1.
2

34
8.

37
5

0.
00

0
34

8.
37

11
1

17
9

39
18

14
11

44
93

30
1

17
9 

 N
17

 E
63

 2
5D

D
D

C
1

4,
35

2,
74

5
68

7,
39

3
6,

22
9.

1
15

0
15

0
90

-1
50

3
6,

13
7.

1
6,

16
4.

5
6,

15
0.

0
0.

32
2

62
.9

10
63

.2
3

11
2

17
9

39
17

51
11

45
05

30
1

17
9 

 N
17

 E
63

 3
5D

A
  1

   
 E

ly
 

A
irp

or
t

4,
35

1,
18

8
68

5,
46

4
6,

25
4.

1
78

50
-7

8
5

6,
19

9.
4

6,
21

9.
0

6,
20

6.
5

1,
01

7.
98

6
15

.4
04

1,
03

3.
39

11
3

17
9

39
17

51
11

44
94

20
1

17
9 

 N
17

 E
63

 3
6A

D
  1

4,
35

2,
03

1
68

7,
19

4
6,

24
4.

1
16

6,
18

0.
0

6,
18

3.
1

6,
18

1.
1

3.
31

4E
-0

3
5.

88
1E

-0
2

6.
21

E
-0

2

11
4

17
9

39
18

21
11

45
01

70
1

17
9 

 N
17

 E
63

 3
6B

   
1

4,
35

2,
20

3
68

6,
63

9
6,

24
4.

1
1

6,
24

3.
3

6,
24

3.
3

6,
24

3.
3

69
8.

10
1

10
0

79
8.

10

11
5

17
9

39
22

42
11

44
82

10
1

17
9 

 N
17

 E
64

 0
5B

   
1

4,
36

0,
31

5
68

9,
15

0
6,

20
4.

0
25

4
6,

18
7.

5
6,

18
7.

8
6,

18
7.

7
6,

96
3.

26
8

0.
00

4
6,

96
3.

27

11
6

17
9

39
22

42
11

44
84

80
1

17
9 

 N
17

 E
64

 0
6A

   
1

4,
36

0,
21

0
68

8,
62

6
6,

10
4.

0
16

1
6,

08
0.

9
6,

08
0.

9
6,

08
0.

9
2,

28
3.

22
5

10
0

2,
38

3.
22

11
7

17
9

39
22

10
11

44
85

90
1

17
9 

 N
17

 E
64

 0
6A

C
C

C
1 

   
M

or
m

on
 C

hu
rc

h/
S

ta
te

 o
f N

V
4,

36
0,

04
1

68
8,

03
1

6,
11

8.
0

12
8

12
8

20
-1

28
6

6,
09

9.
0

6,
10

1.
9

6,
10

0.
3

2.
50

0E
-0

1
1.

57
7E

-0
1

4.
08

E
-0

1

11
8

17
9

39
22

10
11

44
84

80
1

17
9 

 N
17

 E
64

 0
6B

C
  1

4,
36

0,
03

5
68

7,
79

2
6,

11
9.

0
12

1
28

-1
15

6
6,

09
3.

9
6,

10
5.

7
6,

09
9.

1
35

7.
48

2
3.

42
2

36
0.

90

11
9

17
9

39
22

05
11

44
90

10
1

17
9 

 N
17

 E
64

 0
6C

A
  1

4,
35

9,
88

6
68

7,
98

7
6,

11
9.

0
12

0
12

0
30

-1
20

8
6,

08
9.

0
6,

10
0.

7
6,

09
7.

5
9.

93
0

2.
53

2
12

.4
6

12
0

17
9

39
22

12
11

44
84

80
1

17
9 

 N
17

 E
64

 0
6D

   
1 

   
M

or
m

on
 C

hu
rc

h
4,

35
9,

28
4

68
8,

60
0

6,
12

6.
2

1
6,

10
6.

2
6,

10
6.

2
6,

10
6.

2
2,

69
4.

01
5

10
0

2,
79

4.
01

12
1

17
9

39
21

52
11

44
84

30
1

17
9 

 N
17

 E
64

 0
6D

C
  1

4,
35

9,
49

6
68

8,
42

8
6,

11
9.

0
10

0
10

0
44

-1
00

9
6,

08
6.

0
6,

10
2.

6
6,

09
6.

6
5.

65
8

4.
12

2
9.

78

12
2

17
9

39
21

39
11

44
82

50
1

17
9 

 N
17

 E
64

 0
7A

A
  1

4,
35

9,
10

5
68

8,
86

8
6,

12
9.

0
15

5
15

5
14

0-
15

2
8

6,
08

9.
0

6,
11

0.
0

6,
10

4.
7

5.
65

8
7.

24
3

12
.9

0

12
3

17
9

39
21

16
11

44
85

80
1

17
9 

 N
17

 E
64

 0
7A

C
C

C
1 

   
M

or
m

on
 C

hu
rc

h/
S

ta
te

 o
f N

V
4,

35
8,

37
7

68
8,

09
6

6,
13

5.
0

18
3

18
3

37
-1

77
10

6,
08

9.
6

6,
11

1.
0

6,
10

3.
9

0.
00

0
4.

44
2

4.
44

12
4

17
9

39
21

28
11

44
82

60
1

17
9 

 N
17

 E
64

 0
7A

D
  1

4,
35

8,
76

5
68

8,
85

3
6,

12
9.

0
12

4
12

4
30

-1
24

8
6,

09
4.

4
6,

10
5.

6
6,

09
9.

8
8.

37
3

1.
93

8
10

.3
1

12
5

17
9

39
21

17
11

44
91

90
1

17
9 

 N
17

 E
64

 0
7B

C
C

 1
4,

35
8,

39
6

68
7,

59
2

6,
13

9.
0

15
0

50
-1

50
1

6,
10

7.
5

6,
10

7.
5

6,
10

7.
5

2.
71

0
10

0
10

2.
71

12
6

17
9

39
21

13
11

44
92

10
1

17
9 

 N
17

 E
64

 0
7C

B
A

B
1

4,
35

8,
27

1
68

7,
54

7
6,

13
9.

0
13

8
13

8
50

-1
38

2
6,

09
8.

0
6,

10
8.

3
6,

10
3.

2
0.

10
3

26
.5

74
26

.6
8

12
7

17
9

39
20

49
11

44
93

10
1

17
9 

 N
17

 E
64

 0
7C

C
C

C
1

4,
35

7,
52

5
68

7,
32

6
6,

14
9.

0
10

0
10

0
40

-1
00

3
6,

10
0.

3
6,

10
4.

7
6,

10
2.

7
0.

00
0E

+
00

1.
66

4E
+

0
0

1.
66

E
+

00

12
8

17
9

39
21

15
11

44
82

50
1

17
9 

 N
17

 E
64

 0
7D

A
  1

4,
35

8,
36

5
68

8,
88

6
6,

13
9.

0
5

6,
09

7.
0

6,
10

6.
1

6,
10

1.
9

6.
02

4
3.

53
1

9.
55

12
9

17
9

39
21

49
11

44
80

40
1

17
9 

 N
17

 E
64

 0
8B

   
1 

   
N

V
 

N
or

th
er

n 
R

ai
lro

ad
 C

o
4,

35
8,

69
5

68
9,

76
4

6,
17

9.
6

30
4

6,
15

2.
8

6,
15

3.
3

6,
15

3.
0

41
,7

19
.0

02
0.

01
5

41
,7

19
.0

2

13
0

17
9

39
21

57
11

44
74

50
1

17
9 

 N
17

 E
64

 0
8B

A
  1

4,
35

8,
70

3
69

0,
07

6
6,

15
4.

1
20

4
40

-1
08

3
6,

10
7.

4
6,

12
0.

1
6,

11
3.

2
84

,9
99

.4
20

13
.7

43
85

,0
13

.1
6

13
1

17
9

39
21

41
11

44
80

90
1

17
9 

 N
17

 E
64

 0
8B

B
  1

4,
35

9,
17

6
68

9,
25

0
6,

12
4.

0
3

6,
07

7.
3

6,
10

3.
3

6,
09

0.
2

46
.2

03
56

.3
43

10
2.

55

13
2

17
9

39
20

51
11

44
83

70
1

17
9 

 N
17

 E
64

 1
8A

   
1

4,
35

6,
79

9
68

9,
16

4
6,

15
4.

1
65

50
-6

5
1

6,
09

2.
9

6,
09

2.
9

6,
09

2.
9

22
,4

50
.0

78
10

0
22

,5
50

.0
8

13
3

17
9

39
20

33
11

44
84

20
1

17
9 

 N
17

 E
64

 1
8A

C
  1

4,
35

7,
06

0
68

8,
51

1
6,

15
4.

1
7

6,
10

7.
8

6,
12

2.
5

6,
11

5.
3

8.
14

1
6.

60
7

14
.7

5

Ta
b

le
 B

.1
-1

S
te

ad
y-

S
ta

te
 M

ea
n

 H
yd

ra
u

lic
 H

ea
d

 D
at

a 
S

et
 (

P
ag

e 
4 

of
 2

4)

M
ap

 ID
H

A
S

it
e 

N
o

S
it

e 
N

am
e

U
T

M
N

o
rt

h
in

g
(m

)

U
T

M
E

as
ti

n
g

(m
)

R
ef

er
en

ce
P

o
in

t
E

le
va

ti
o

n
(f

t-
am

sl
)

H
o

le
 

D
ep

th
(f

t-
b

g
s)

W
el

l 
D

ep
th

(f
t-

b
g

s)

P
er

fo
ra

te
d

 o
r

O
p

en
 In

te
rv

al
(f

t-
b

g
s)

N
o

. o
f

R
ec

o
rd

s
U

se
d

M
in

.
E

le
va

ti
o

n
(f

t-
am

sl
)

M
ax

E
le

va
ti

o
n

(f
t-

am
sl

)

M
ea

n
H

ea
d

(f
t-

am
sl

)

V
ar

ia
n

ce
C

o
o

rd
in

at
e

L
o

ca
ti

o
n

(f
t2 )

V
ar

ia
n

ce
S

am
p

le
M

ea
n

(f
t2 )

To
ta

l
V

ar
ia

n
ce

(f
t2 )



Southern Nevada Water Authority - Water Resources Division
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Volume 6 - Steady-State Hydraulic Head Data Set
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Southern Nevada Water Authority - Water Resources Division
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Volume 6 - Steady-State Hydraulic Head Data Set

Attachment B B-9
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Southern Nevada Water Authority - Water Resources Division

Attachment BB-10
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Southern Nevada Water Authority - Water Resources Division
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Volume 6 - Steady-State Hydraulic Head Data Set

Attachment B B-13
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Southern Nevada Water Authority - Water Resources Division

Attachment BB-14
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Volume 6 - Steady-State Hydraulic Head Data Set
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Southern Nevada Water Authority - Water Resources Division
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Volume 6 - Steady-State Hydraulic Head Data Set
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Southern Nevada Water Authority - Water Resources Division
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Volume 6 - Steady-State Hydraulic Head Data Set

Attachment B B-21
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Plate 1
Steady-State Mean Hydraulic Head Values in the Model Area
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